The circumferential 2 mm ferrule during the fabrication of the crown is strongly advocated for the long-term clinical success. During the routine clinical practice, the dentist encounters the endodontically treated tooth (ETT) with inadequacy of the ferrule in some segment due to caries, abrasion, and erosions. The aim of this in vitro study was to investigate the consequence of inadequate segmental ferrule location on fracture strength of the root canal-treated anterior and posterior teeth. Materials and Methods: Fifty each maxillary canine and mandibular premolar intact human teeth were root canal treated and sectioned at 2 mm above the cementum-enamel junction. The teeth samples were divided into 5 groups of 10 each. The G-I and G-V samples had the 360° ferrule and complete absence of the ferrule, respectively. The G-II had the inadequate ferrule on the palatal surface, while G-III and G-IV had inadequate ferrule at buccal and proximal area. Teeth samples were subsequently restored with glass-reinforced fiber post, composite core, and full veneer metal crown. The samples were tested with universal testing machine under static load to record the fracture resistance. The acquired data were subjected to ANOVA and Tukey's post hoc statistical analysis. Results: The G-I with circumferential ferrule showed the higher fracture resistance. The teeth samples with lack of the ferrule had the least fracture resistance. Among the segmental absence of ferrule, teeth samples with lack of the proximal ferrule were least affected. Deficiency of a ferrule on the lingual wall significantly affected the fracture strength in both anterior and posterior ETT.
Introduction
The rising average life expectancy of world population, along with increased caries incidence, is likely to intensify the requirement of endodontic treatment. [1] Consequently, postendodontic restorative procedures occupy the larger part of restorative dental practice. The suitable coronal restoration is indispensable for adequate endodontic treatment. The coronal leakage is reported to be one of the primary reasons in endodontic treatment failure. [2] The prognosis of endodontically treated teeth restoration is a serious concern to the clinicians. The unfavorable tooth fracture in a referral to treatment (RTT) is reported to be higher in comparison to the vital teeth. [3] The increased vulnerability of endodontically treated teeth for fracture is attributed to deficient tooth structure, [4] changes in mechanical properties of the dental hard tissues, and lack of protective feedback mechanism. [5] The findings from previous research indicated the improved clinical longevity of endodontically treated (ETT) teeth restored with full-coverage crown. [6] Dental researchers have proposed many procedures and techniques to improve the long-term prognosis of RTT restorations.
The endodontic posts are routinely used during the restoration of ETT with insufficient coronal tooth structure. The researchers are unambiguous in their opinion that the endodontic post helps only in anchoring the coronal restoration to the root canal, fails to improve the fracture resistance of tooth. [7] The suggested post length is the two-third of root length and the diameter not to exceed one-third of the root diameter. [8] The long-term survival of post-restored ETT is influenced by numerous factors such as adequate ferrule, dowel design, thickness of dentin, and direction of masticatory forces. Preservation of coronal and radicular tooth structure is emphasized during the root canal treatment, restorative and tooth preparation procedures. Obtaining the ferrule effect by placing the cervical finish line on the sound tooth structure and crown encompassing the 1-2 mm cervical tooth structure is critical for enhancing fracture resistance of the ETT. The uniform circumferential 2 mm cervical tooth structure on all four axial walls is strongly advocated for the optimum ferrule effect. [9] During the clinical practice, the dentist routinely encounters the ETT with nonuniform height ferrule and segmental inadequacy of a ferrule. The cervical abrasion, erosion, and abfraction lead to the damage of the buccal wall. The deep caries or secondary caries beneath restoration at the proximal area in both anterior and posterior teeth results in a compromised proximal ferrule. The other clinical situation like deeper preparation during esthetic crown preparation again leads to the compromised ferrule, especially in labial surfaces. These teeth are regularly recommended for extraction or crown-lengthening procedures. The clinician should carefully evaluate the benefit and risk of attaining the uniform 360° ferrule. The crown-lengthening procedures could lead to compromised esthetics, loss of crown-to-root ratio, and damaging the adjacent teeth. It is critical for the restorative dentist to know the effect of segmental absence of the ferrule and its location of inadequacy on the long-term prognosis. The result will also help the dentist in reaching an informed decision on the necessary treatment required during restorative rehabilitation of these ETT. Although the effect of the ferrule over the fracture resistance of ETT is extensively studied, the influence of segmental absence of the ferrule and the consequence of its location needs further investigation. The expected outcome between anterior and posterior teeth due to sectional absence of the ferrule may be different due to the distinctive root morphology, variation in quantity and direction of masticatory force. Hence, this in vitro study was designed to estimate the influence of segmental absence of the ferrule on the fracture resistance on anterior and posterior ETT.
Materials and Methods
The study proposal was registered and approved from the Institutional Ethics Committee. Fifty each recently extracted intact maxillary canine and mandibular premolar human teeth with single root canals were utilized during the study. The teeth samples included within the study were extracted for orthodontic or periodontics reasons and stored in 0.1% thymol solution immediately after the extraction. The donor patients were informed about the research, and their written consent was obtained to utilize their extracted teeth for the research purpose. All the extracted teeth were examined under the ×2.5 magnification (Prism Loupes, Carl Zies Inc., NY, USA) to confirm the absence of microcracks.
Exclusion criteria were the caries, microcracks, restorations, cervical abrasions, and large developmental anomalies.
The average length of the maxillary canine was 26 ± 2 mm and for mandibular premolars was 22.5 ± 2 mm. Adequate access cavity was prepared on all the teeth and working length was set at 1 mm short of an apical foramen. Following crown-down technique, the root canals were prepared up to the working length with nickel-titanium rotary system (ProTaper, Dentsply, maillefer USA). The root canals were shaped to the F5 size with an intervening 3% sodium hypochlorite irrigation between changes of files. The root canals were obturated with ProTaper gutta-percha cones and a sealer (AH Plus, Dentsply, Maillefer, Ballaigues) following the cold lateral condensation technique. Two layers of the adhesive tape were applied over the root surfaces of all teeth samples. Teeth were embedded vertically into the autopolymerizing polymethyl-methacrylate acrylic blocks with the help of a dental surveyor. A 2 mm tooth structure above cementoenamel junction (CEJ) was maintained during implanting into acrylic blocks.
The post space preparation was initiated with the sequential use of Gates-Glidden and Peeso Reamers up to the size 3. The post space length for all the teeth sample was 18 mm for canine and 15 mm space for mandibular premolar, it was standardized by the help from an endo-ruler. The due care was observed to maintain a minimum of 5 mm gutta-percha obturation in the apical area. The post space was irrigated with 3% sodium hypochlorite followed by normal saline. The post space was dried thoroughly with paper points. The coronal section of the teeth samples was sectioned at 2 mm above the CEJ. The ferrule height was calibrated with the help of a digital caliper (Mitutoyo, Tokyo, Japan).
The maxillary canines and mandibular premolar teeth samples were randomly divided into 5 groups (n = 10) according to the ferrule design. The glass fiber-reinforced resin posts (RelyX Fiber post, 3M ESPE, Maplewood, MN, USA) were used to restore the teeth samples. The posts were cleaned with alcohol swab and gently air-dried. They were cemented without any dentin pretreatment using the self-adhesive resin cement (RelyX Unicem, 3M ESPE, Maplewood, MN, USA) and light cured for 20 s. The core built up was accomplished using the posterior composite restorative material (Filtek, 3M ESPE, Maplewood, MN, USA). The core dimensions across the samples were kept uniform at 5 mm height and taper of 6 mm. The uniformity of taper was verified with parallel milling machine and digital calipers. The full veneer metal coping for the teeth samples was fabricated as per standard dental casting procedure with nickel-chromium alloys. The ledge was made at 2 mm from the incisal margin on the lingual surface of the anterior teeth metal coping for the uniform, stable loading. The metal castings were divested, cleaned, and cemented using the Type-I glass ionomer luting cement (GC Fuji I. Alsip, IL, USA). The adhesive tapes over the root surface on all the teeth samples were removed. The space gained within an acrylic block was relined with light body additional silicone impression material to simulate the cushioning effect of periodontal ligaments. The teeth samples were mounted on the universal testing machine, and the loading jig had a rounded tip 4 mm in diameter [ Figure 1 ]. The load was applied at the 130° to the long axis of the tooth for canine and 45°s to the longitudinal axis for the premolars. Static load at the crosshead speed of 0.5 mm/min was applied until the tooth fracture occurred. The force at fracture was recorded as the maximum fracture resistance of the individual samples. The obtained data were statistically analyzed using the ANOVA and Student's t-test with SPSS 19 software (IBM Corporation, Armonk, New York, USA) to find the difference between the tested groups at 0.05 significance level.
Results
The mean fracture strength and the standard deviation among all five groups are described in Table 1 . The highest fracture resistance on both canine and premolar was recorded in Group I with circumferential 2 mm ferrule. The fracture resistance for Group I was at 821.56 N and 730.75 N for canine and premolar, respectively. The least fracture was documented by the Group V with complete absence of the ferrule at 566.39 N for canine and 500.90 N for premolar. The ferrule segment missing, which had the least effect upon the fracture resistance both in canine and premolar, was G-IV (proximal) at 773.63 N and 679.34 N. The missing ferrule on the palatal wall had the significant effect upon the fracture resistance at 586.65 N in premolar. The most deleterious effect over the fracture strength in canine was again observed with absent palatal ferrule segment at 656.79 N. The lack of a ferrule in buccal segment was still significantly better than complete absence of the ferrule in both the teeth.
The one-way ANOVA test [ Table 2 ] for the mean fracture strength in both canine and premolar indicated the statistically significant difference with P = 0.000. The Tukey post-hoc multiple comparison tests [ Table 3 ] indicated the statistically significant difference between all the groups in canine except between Group-I v/s Group-IV with P = 0.168, and Group-III v/s Group-IV with P = 0.581. The Tukey post-hoc test [ Table 4 ] in premolar showed the absence of statistically significant difference between Group-II and Group-III with P = 0.070.
Discussion
The optimum coronal restoration in ETT prevents coronal leakage, reinforces the remaining tooth structure, and restores the esthetics and function. The restoration of the ETT is a challenge for the clinicians due to compromised quantity and quality of remaining tooth structure. [10] Often, the endodontic posts are utilized to retain the core during the restoration of extensively damaged ETT. The preservation of coronal and cervical tooth structure is considered as critical for the better biomechanical stress distribution in ETT. [11, 12] The extension of a crown margin on the sound dentin provides the encircling metal band around the coronal tooth structure, and it is known as ferrule effect. The ferrule height of circumferential 1.5-2 mm is proposed by the researchers to improve the long-term survival of ETT. [13, 14] ETT with an absence of a ferrule in buccal or lingual segments and nonuniform ferrule height weighed down the dentist in clinical practice. The present study examined the influence of the lack of a ferrule in different locations on the fracture resistance of the ETT. The glass-reinforced fiber posts were used during the study due to multiple advantages such as similar modulus of elasticity to dentin, [15] esthetics, simple application procedure, and is most commonly used in the contemporary dental practice. The fracture strength of the Group I sample with 360° uniform ferrule was significantly higher in comparison to other tested groups. The Group V with complete absence of the ferrule recorded the lowest fracture strength. This result reconfirms the finding of the previous studies that the substantial role of a ferrule in enhancing the fracture resistance of ETT. [16] [17] [18] Some researchers propose the greater ferrule height of remaining tooth structure to enhance the fracture resistance in ETT. [19] The anterior and posterior teeth are distinctive due to their size and direction of masticatory load. The force on the anterior teeth is nonaxial, while the load on the posterior teeth in an occlusal-gingival direction. The force on the anterior teeth due to their overlap is applied from the lingual surface at approximately at 130°. The present study's result indicated that the lack of the palatal wall ferrule significantly reduced the fracture resistance in anterior teeth. The finding was in agreement with the results of Ng et al.; [20] they reported that the good palatal ferrule was equally effective as the circumferential ferrule. The absence of the lingual ferrule in axial loading at anterior teeth concentrates the stress at post-crown junction, hence leading to the significant loss of fracture resistance. The results of the present study also indicated that the partial ferrule is superior to the complete lack of a ferrule. The reports from previous researchers indicated that the presence of an adequate ferrule in the buccal wall in anterior teeth had significantly higher fracture resistance. [21] Arunpraditkul et al. [22] reported the insignificant contribution of the single buccal wall ferrule on fracture resistance in ETT. The difference in result could be due to the fact that the load was directed from the buccal wall and it does not reflect the clinical situation.
The masticatory force over the posterior teeth is predominantly in occlusal-gingival direction and buccal-lingual direction approximately 45°. The loss of a ferrule at the proximal region in posterior teeth due to caries is common. The study results indicated that the loss of a ferrule in the proximal area had less effect on the fracture resistance. The result again reinforces the critical role of the lingual wall ferrule in improving the fracture resistance of premolar teeth. Hemmings et al. [23] reported that the cervical ferrule enhances the resistance of the post and core to torsion forces. The masticatory occlusal forces directed from lingual surfaces lead to the compressive stress on the buccal surfaces and tensile stress on the lingual surfaces. [24] The presence of the lingual wall ferrule offers the resistance to resultant tensile stress. The results from the present in vitro study indicate that the segmental inadequacy of the ferrule, especially in proximal areas, can be restored successfully. The clinician should take the factors such as opposing teeth, prosthesis, expected masticatory forces, absence of opposing teeth, and type of occlusion during consideration for the evaluation of segmental absence of the ferrule in ETT.
Further researches are indicated to confirm the results under cyclic fatigue load. The effect of sectional inadequacy of the ferrule on other post types such as custom-made cast post, zirconia post, and ceramic post also needs an investigation. The limitation of the study includes the results from the in vitro studies have limited extrapolation to the complexity of oral environment. The load applied in the study was static load, against the dynamic fatigue load during mastication.
Conclusions
Within the limitation of this in vitro study, the following conclusions were drawn. 1. The presence of 2 mm circumferential ferrule significantly improves the fracture resistance of ETT 2. The ETT with sectional inadequacy of the ferrule is significantly more effective in resisting the fracture in comparison to the complete absence of the ferrule 3. The absence of a ferrule in the proximal area in both anterior and premolar teeth does not significantly affect fracture resistance of ETT 4. The lack of a ferrule on the lingual on anterior and premolar teeth significantly reduces the fracture resistance of ETT.
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